complemented his text with a diagrammatic illustration. By translating their theoretical considerations into the abstract form of geological sections, these natural philosophers moulded a new visual language for seismology and earth history. An entirely different example of visual representation as a tool in research into earthquakes can be seen in the approach to the earthquake in Calabria in 1783. The Neapolitan Academy of Science and Letters sent some of its members to investigate the devastating effects of this earthquake on the landscape and the nature of the country. The topographical changes were recorded on the spot by trained draughtsmen, with the aim of providing accurate and comprehensive visual documentation. The pictures are remarkable in the way they reveal a conflict between the new demands of modern empirical science and the established ' picturesque ' conventions of landscape painting.
Beyond observation
A preliminary survey of the source material reveals that for a long time no images at all were employed in the context of earthquake studies. At best, around 1700, occasional pictures were inserted into some publications in the form of decorative woodcuts as, for instance, in Marcello Bonito's Terra tremante, published in 1691. Bonito (d. 1711) presented a history of earthquakes ' dalla creatione del mondo sino al tempo presente ', from the creation of the world to the present time.$ As a heading for each of the ten chapters we have the same ornamental vignette showing the view of a town shaken by an earthquake, with two spires toppling over to one side (see Figure 1 ). This picture serves purely as an embellishment of the printed book. The emblematic representation neither seeks to convey an idea of the course of a specific earthquake nor does it contribute to the explanation of possible causes and effects of earthquakes in general.
For obvious reasons, earthquakes (unlike volcanoes) are phenomena that largely evade pictorial representation. Their principal characteristics are their sudden occurrence and their unpredictability. Because they usually pass in a few minutes, they cannot actually be observed, let alone recorded in drawings or studies on the spot. The natural force itself remains invisible. As late as 1826, the Oxford chemist and geologist Charles Daubeny (1795-1867) was irritated by the fact that the causes of earthquakes and volcanoes were a matter for speculation and hypothesis only, ' since the processes … are placed beyond the scope of actual observation, and can be conjectured solely from certain of their remote consequences '.% Around 1800, many contradictory theories existed about the natural causes of earthquakes, and uncertainty prevailed until well into the twentieth century. In the eighteenth century, however, Europe experienced a remarkable ' boom ' in general interest in the subject, substantially aroused by the two great disasters in the years 1755 and 1783. 
THE LISBON EARTHQUAKE OF 1755
The dreadful earthquake that struck Lisbon on 1 November 1755 ranks among the most severe natural disasters of modern times. Two violent seismic shocks destroyed more than two-thirds of the thriving capital of Portugal. Tens of thousands of people were killed or injured, and the secondary effects of the earthquake, such as the tsunami (tidal wave) that washed thousands into the sea, brought additional havoc. Many other places in the country and along the North African coast were also heavily affected. Throughout Europe, unusual geological, meteorological and hydrological phenomena were observed. In France, the German States, Great Britain and as far away as Scandinavia, there were reports of tremors and especially seiches (water agitations) on rivers and lakes. The tsunami moved along the European coasts of the Atlantic Ocean and, some hours later, reached the French, British and Dutch harbours in a somewhat weakened form.& Immediately after the earthquake, a flood of reactions set in all over Europe. Eye-witness accounts describing the miseries of the Portuguese were published in numerous newspapers. Odes and pamphlets dealt with the natural disaster. In many countries, churchmen took advantage of the earthquake as an occasion for fiery exhortations ; and in Portugal itself 5 Between ten and thirty thousand people died in the city of Lisbon ; the total number of victims was probably about sixty to seventy thousand. On the Lisbon earthquake, see Harry it was used as a pretext for renewed vigour on the part of the Inquisition. By 1756, the natural phenomenon of the earthquake had become a general topic of conversation in Europe. According to a contemporary German account it was ' fitting that natural philosophy, moral philosophy, the fine arts, and even supreme Christian theology should concern itself with the matter '. ' Since the Renaissance, pictures had frequently been employed for the dissemination of the news of historical events such as, for instance, remarkable battles or disasters like earthquakes and conflagrations. Broadsheets were a popular means of communication, and their title pages often carried woodcuts depicting the crucial features of the relevant incident in a dramatic manner.( Such publications satisfied the appetite for sensationalism of an audience that had neither the opportunity nor the intention of checking the truthfulness of what was reported in word and image. After the Lisbon earthquake, many German, French, Dutch and British publishers distributed woodcuts and engravings of the destroyed Portuguese capital. Of particular popularity were pairs of pictures, presenting a scene ' before and after ', or even ' before and during ' the disaster : a traditional topographical view of the city before the earthquake was coupled with a second picture, taken from the identical viewpoint, which showed the city either in ruins or in the very moment of the convulsion. The intention was that the second picture should provide as stark a contrast to the first as possible. To achieve this effect, imagined pictorial elements like collapsing hills and buildings, sinking ships and pieces of rubble hurtling about were employed. Human figures crushed under debris or running in panic and expressing their horror and despair with theatrical gestures completed the terrifying view (see Figure 2 (a), (b)). Such fictitious scenes of happenings during the earthquake were deliberately designed for their sensational effect. They directly continue the emblematic tradition and purpose of broadsheet illustrations.)
Another genre of pictures dealing with the subject of the Lisbon earthquake was that of religious votive pictures. Local artists were commissioned by survivors of the calamity to paint pictures that were meant to be an expression of gratitude for their rescue, or that of their loved ones. Most of these votive pictures were dedicated to the saint to whom salvation was ascribed. The representations focus on the portrayal of sentimental scenes of rescue and consolation, accompanied by a narrative inscription and dedication (see Figure 3 ).*
In a time that is generally described as the ' Age of Reason ', the Lisbon earthquake raised yet again the perennial question whether natural disasters ought to be understood as divine retribution for earthly sin, thus stimulating a debate that preoccupied the European general public for many years. Since the seventeenth century, natural theologians striving to solve the theodicy problem had tried to prove that the existence of apparent evil in nature was compatible with divine benevolence. After the Lisbon earthquake, leading European philosophers, among them Voltaire, Jean Jacques Rousseau and Immanuel Kant, publicly disputed over the question whether God could have permitted -or even intended -a disaster on such a scale, and how mankind was to behave in the face of this uncertainty. The contemporary and widely accepted philosophy of metaphysical optimism, which followed the Leibnizian doctrine of a divine plan assuring that ' all is for the best, in the best of all possible worlds ', had been shaken to its very foundations by the disaster. In view of the tremendous and apparently ' unjust ' suffering of the Portuguese victims, this view necessarily came to be thought deeply cynical."!
Earthquake research after 1755
As well as being a historical landmark because of its implications for eighteenth-century philosophy, the dreadful disaster of Lisbon marked the beginning of a new development in scientific earthquake research.
Since the seventeenth century, the so-called ' explosion theory ' had gained general acceptance, though it was only one among many explanations for the causes of earth tremors. This theory was a variant of the Aristotelian explanatory model, according to which earthquakes were a result of the sudden expansion of vapours heated by subterranean fire."" Well acquainted with the effects of gunpowder explosions, many natural philosophers inferred from the resemblance of the sounds heard and the concussions experienced that the causes for earthquakes had to be similar. Until far into the eighteenth century, it was widely believed that earthquakes resulted from the ignition of deposits of sulphur, nitre or bitumen."# Around 1750 another, completely new, theory that linked earthquakes to electricity gained many supporters. Following William Stukeley (1687-1765), who had been inspired by Benjamin Franklin's research into atmospheric phenomena, several authors argued that the invisible causes and forces of earthquakes were to be explained by the discharge of electrical tensions."$ One consequence of the 1755 disaster was that it initiated remarkable activity in learned research into earthquakes. In many of the treatises published in the following years, a new orientation in approach can be observed, one that also implied a shift towards the visual. Although the theories were still largely committed to the principles of rationalist deductivism, a significant change lies in the fact that natural historians increasingly abstained from citing the authorities of classical antiquity, and referred instead to more recent and contemporary accounts. New publications such as John Bevis' The History and Philosophy of Earthquakes, a collection of essays published in 1757, are an indication of this tendency. Here, the editor presented a selection of the most important earthquake theories of the previous decades (some in abridged form), and thus enabled readers to make their own judgement concerning different modern opinions."% Like Bevis' book, the majority of scientific periodicals as well as the journals of the learned societies that had been established all over Europe since the second half of the seventeenth century, were published in the vernacular. In the course of time, many individuals, who felt encouraged to trust their own eyes, began to record their observations, and often presented them to the public in published letters or articles. Others, in turn, were prompted to put forward their own hypotheses on the invisible causes and effects of earthquakes on the basis of such observation-based descriptions."& Faced with the vast number of publications and competing opinions appearing after the Lisbon earthquake, many researchers strove for a particularly clear and graphic, didactic communication of their theories -and it was in this context that pictures appeared for the first time.
John Michell's ' Conjectures '
In 1760, the English astronomer and mathematician John Michell (1724-93) published his study ' Conjectures concerning the cause, and observations upon the phaenomena, of earthquakes ' in the Philosophical Transactions of the Royal Society."' This paper presented one of the most sophisticated earthquake theories of the eighteenth century, and earned its author a fellowship of the Royal Society. Today, Michell is regarded as the father of modern seismology because of his plausible explanation that seismic shocks are 14 propagated in the form of waves."( At the beginning of his work, Michell explicitly emphasizes that he entirely relied on contemporary accounts. He further points out that his investigations would not have been possible if the Lisbon earthquake had not supplied him ' with more facts, and those better related ', than had ever been available before.")
In his introduction, Michell also makes it plain that he was a supporter of the ' explosion theory ' that explained earthquakes by the sudden subterranean expansion of heated vapour. According to Michell, ' this opinion is very agreeable with the phenomena ' ; however, he openly criticizes earlier natural philosophers for a lack of attention to questions of detail and for being altogether too speculative. His aim was to provide a detailed elucidation of the cause and effect of such an explosion, and above all the undulatory transmission of the shock."* His hypothesis that there is a wave-like transmission of a seismic shock is essentially based on the insight that the earth is made up of different successive layers of soil and rock. Michell devotes a considerable part of his treatise to conveying the basic elements of this idea -the science of stratigraphy by no means being a matter of common knowledge around 1760.#! In order to give a more graphic portrayal of the stratified ground on the one hand, and of the invisible forces and actions involved in an earthquake on the other, he supplemented his treatise with a diagram drawn by himself (see Figure 4) .#"
The plate shows four separate pictures, each of which represents a horizontal (traverse) section through a stretch of land, and is supposed to show the geological stratification of the ground in a schematic manner. In Michell's fig. 1 , at the top, several undulating lines run parallel to each other at varying distances. Reference letters are inserted in the picture near the left and right margins (E), above a wavy zone left of the centre (A), and near a dotted line between the strata (C). The text explains that the letter C indicates a stratum in which the subterranean vapour has accumulated. Through its sudden expansion, this vapour is able to produce a pressure that can lead to earthquakes.## Underneath, Michell's fig. 3 shows a similar arrangement of lines with several details added : a peak with a flame indicates a volcano, on the right the section of a sea or lake can be identified, on its shore a little tower, and a further tiny building in the centre of the picture. These visual ' abbreviations ' are attempts to offer the beholder some points of reference within the seemingly non-figural picture, and thus constitute concessions towards the legibility of the sections as models of ' nature ' or ' landscape ' as such.#$ Michell's fig. 2 , at the lower right, illustrates the phenomenon of a geological fault that is described in the text. According to Michell, the existence of the fault may explain ' some of the singularities of particular earthquakes '.#% The Lisbon earthquake also encouraged another scholar to demonstrate his theses on the causes and effects of seismic shocks with the help of visual representations. In 1763, three years after Michell, the Dutchman Johan Drijfhout (1708-92) published his ' Remarks on the causes and effects of the water agitations of the 1st of November 1755 ' in the journal Verhandelingen of the Hollandsche Maatschappij der Wetenschappen (the Dutch Society of Sciences) in Haarlem.#( His purpose was to demonstrate that the Portuguese tremor had caused the seiches, the unusual water agitations that had been observed on many of the Netherlands' rivers and lakes on that same day. Like Michell, Drijfhout presumed that a subterranean explosion of inflammable substances had caused the earthquake, and he equally -and in my judgement independently#) -comes to the (in his time) novel conclusion that the shocks must have been transmitted in a wave-like motion.
For an elucidation of this hypothesis, Drijfhout refers to a plate with six pictures drawn by himself (see Figure 5 ).#* He refers repeatedly to his diagram as providing a supplement to his verbal explanations, and he is at such pains to forge links between the two media of text and image that he devotes more than ten pages to the explanation of the picture alone.$! Here, one learns that his figs. 1, 2, 3 and 5 (like Michell's diagrams) are meant to represent traverse sections through the ground under the city of Lisbon.
In Drijfhout's fig. 1 , the silhouette of the city of Lisbon is discernible, here suggested, as in Michell, by visual ' abbreviations ' and additionally marked by the letter ' L '. The ground below the city is streaked with a horizontal web of lines. In the picture, only a small amount of attention is devoted to the stratified structure of the earth, even though knowledge of stratigraphy was also fundamental to Drijfhout's theses. A single stratum is distinguished by its dense dark hatching, and marked by the letter ' P '. According to Drijfhout, an explosion had taken place in this particular stratum, lifting the entire ground, with the city on its surface. This is shown on Drijfhout's figs. 1 and 2. The subsequent 30 Explanation of the plate (that is, figs. 1-6) in Drijfhout, op. cit. (27), 196-209. falling back of the heavy masses pressed the trapped air into the adjacent space between the strata, so that the ground was then lifted up there, as represented in Drijfhout's fig. 3 , and indicated by the letters ' aa ' and ' PP '. The continuation of this process would result in a travelling undulatory movement. Drijfhout's fig. 4 , showing a single black wavy line, merely serves the purpose of demonstrating at a glance how this wave motion was to be imagined. And his fig. 5 again makes clear how the subterranean volume of vapour was propagated away from the seismic centre -in the picture towards the right, as indicated by the arrow in the dark stratum -thus producing a seismic wave. Finally, his fig. 6 depicts an experiment, intended to imitate the natural forces : two of a total of five water-filled bowls are spilling over because of a bulge in the ground which, according to the direction suggested by three arrows, is also moving towards the right. This picture has to be read as a complement to fig. 5 on its left : it is meant to illustrate the way in which the travelling seismic wave made the Dutch lakes and rivers break their banks, first in one direction and then in the other on 1 November 1755. In this experiment, the bowls stand for the lakes, under which the ground had temporarily been lifted in an undulating motion.
Interaction of word and image
An understanding of what is depicted in Michell's and Drijfhout's plates can by no means be gained spontaneously from the illustrations alone ; without the accompanying text passages, their meaning is nearly impossible to understand. At the same time, the image contributes crucially to the communication of the complex subject matter. This is achieved in particular by allocating the individual phenomena certain ' places ' within the picture, marked with reference letters. The text can briefly and precisely refer to these places, without always having to repeat the overall pattern of the contributing facts and factors. In addition, the image enables the viewer to form an immediate idea of the relative scale of details described, and avoids the necessity of providing exact measurements in the text. The elaborate system of cross-referencing between text and image set up by both Michell and Drijfhout makes it possible for there to be an intense interaction between the two media. They become involved in a dialogue, which finds its tangible expression in encouraging the reader to read text and images simultaneously. In both works, the foldout plates have been designed to be inserted between the pages of the text in such a way that, when unfolded, the engravings project beyond the edge of the book. That is, the engravings were printed to one side of the sheet, leaving a large blank space on what would become the inner edge. In Drijfhout's case, in fact, nearly the whole picture is visible, only a narrow strip on the left remains covered by the pages of the text. The readers can thus, while continuing to read the treatise, repeatedly allow their eyes to wander effortlessly to and fro between text and illustration.
In both publications, the plates do not at all show naturalistic depictions of landscapes that could be understood by the beholders on the basis of their own perceptual experience, which is why they require thorough explanation. As Martin J. S. Rudwick noted in his pioneering article ' The emergence of a visual language for geological science ', the pictorial representation of geological sections is the ' expression of a highly theoretical construct. It is a kind of thought-experiment, in which a tract of country is imagined as it would appear if it were sliced vertically along some particular traverse of the topography, and opened along that slice in a kind of cutting or artificial cliff.' The reading of a geological section thus implies complex visual conventions that have to be learned with practice.$" In contrast to today, the viewers in the 1760s were not at all familiar with this new mode of visual representation. Before Michell and Drijfhout, geological sections were very rare, and they do not appear in the context of research into earthquakes. A short survey of some earlier attempts to visualize the hidden layers of the earth will show how such a convention might have developed, and what possible forms of representation the two natural philosophers could look back on and build upon.$#
Predecessors
In his lavishly illustrated work Mundus subterraneus, published in 1665, Athanasius Kircher (1601\2-80) tried to convey his idea of the invisible origins of rivers inside mountains with the help of the visual medium. In his illustration, he only partially realized the pictorial abstraction of a section ; he did not make a definite choice between section and chorographical depiction of landscape (see Figure 6 ). As had become common since the Renaissance, Kircher presented a landscape map showing coastline and rivers in a low bird's-eye view (that is, from above) ; however, towns and hills appear in a frontal view. he showed how their originally horizontal arrangement was altered later by faults and disruptions. The extremely diagrammatic picture was supposed to illustrate his notion of the evolution of irregular landscape formations over a long period of geological time. Historians of science generally regard Steno's work as highly innovative.$& As a consequence, however, the book -and with it the illustration -were not well understood by his contemporaries and were subsequently forgotten. It was only several decades after Michell Transactions in 1719 (see Figure 9) . In his essay, this last author describes the stratification of the ground in the English coal-mining area of east Somerset.%! His plate shows a section through the geological structure that is supposed to display the frequent phenomenon of a vertical shift in a stratigraphic sequence, caused by a fault. The knowledge of such irregularities was crucial for miners locating valuable veins of minerals or seams of coal ; and visual representations facilitated communication concerning such invisible subterranean formations. In his section, John Strachey conscientiously translated the empirical observations reported to him by the miners into a picture that has been regarded as one of the earliest true geological sections.%" The publication of such sections, which were based on empirical investigations, permitted the development of a visual language that Michell and Drijfhout adopted and employed for the visual expression of their hypotheses concerning the causes of the Lisbon earthquake.
The didactic approach
In fig. 2 in his plate (see Figure 4) , John Michell took up Strachey's diagrammatic mode of representation. Michell's explicit reference to Strachey's illustration is an indication of his awareness that the viewers around 1760 could not easily read his own schematic visualization of the stratification of the ground. In this way, Michell gave his readers a chance to ' practise ' their understanding of a section in that other illustration, so as to make his own drawing more easily accessible. It was so important to Michell to offer his readers this didactic help that he even referred them to a further, abridged, and (as he probably presumed) widely accessible edition of the Philosophical Transactions, where Strachey's article and illustration could also be found.%# For the purpose of communicating their complex theses, both Michell and Drijfhout decided to use engraved illustrations -a device that was rather expensive at the time.%$ They employed the medium of visual representation as an aid designed to facilitate comprehension for their audiences. Accordingly, the dialogue and interaction between text and image were of central importance to both authors. On the one hand, they endeavoured to complement the use of their graphic illustrations by employing highly pictorial comparisons and memorable metaphors in the text. On the other hand, precise and matterof-fact instructions are given, such as, for example : ' the section is supposed to be made at right angles to the length of the ridge, and perpendicular to the horizon '.%% These comments were intended to make it easier for the viewer to reconstruct the intellectual and graphical development of the sections.
Michell, in particular, lets the reader participate in the genesis of this new kind of image. He even discusses the difficulties and limitations he encountered in his search for an adequate visual presentation of his subject. Conscientiously, he complements the visual information of his illustrations with additional detailed verbal descriptions in all places where he fears that the image alone might create a wrong impression : it may not be amiss, in order to prevent the figure here given from misleading the reader, to give some random measures of the several parts, such as may probably approach towards those which are sometimes found in nature.%& Even though the pictures were obviously not drawn directly from nature, Michell wants them to be understood as a most faithful approximation to a possible natural appearance. In his diagrammatic images, however schematic, he remains indebted to an ideal of maximum visual authenticity. He expressly refrains from exaggerations or alterations made purely for the purpose of graphic clarification. Instead, he trusts to the viewers' ability to participate actively in the interpretation of the image, and he appeals to their power of imagination. About the fine fissures that contain water and that he believes are found in all strata of the earth, Michell writes :
As for the perpendicular fissures, they must be so numerous, and so small, in proportion to the other parts, that I chose rather to leave them, to be supplied by the imagination of the reader, than attempt to express them in a manner, that could give no adequate idea of them at all.%' Drijfhout does not lay as much emphasis on exactitude as Michell. In reference to the scale of the undulating subterranean motion of the earth tremor that he depicts, the Dutchman remarks :
How big this travelling wave was, in respect of its height and breadth, is not easy to determine : it is probably more correct to say that it did not rise very much.%( In another sense, however, Drijfhout's didactic effort surpasses that of Michell : he undertakes to visualize the wave-like motion of an earthquake in graphic representations, employing a sequence of images. His figs. 1, 2, 3 and 5 (see Figure 5) show one locality, captured at different moments, and thus adding up to a temporal process. The viewers can decipher the meaning, once they have read the accompanying text, introducing them to this new mode of representation. Beginning with the original state, pictured in his large fig. 1 , the following two pictures (figs. 2 and 3) form a pair that can be read from left to right as in temporal succession. His fig. 5 is also suggestively placed in this direction of reading, which is also that of the movement. The sixth image, finally, placed parallel to fig. 5 , unites several momentary ' stills ' in one single frame. Synchronously, five subsequent and passing states in the motion of a water-filled bowl can all be seen at once.%) Drijfhout's fig. 4 , which depicts a simple, abstract, undulating line, shows how much importance he ascribed to the medium of the picture for his didactic purpose. Without further comment, the long horizontal image is meant to clarify how the viewers should imagine the motion of a wave represented in his figs 1, 2, 3 and 5 : ' What a WAVE-LIKE MOTION is … should be so clear from Fig. IV aa, we believe, that it is not necessary to give a description of it.'%* 47 ' Hoe groot nu deze voortlopende Golf, zoo in hoogte als in breedte, geweest zy, ist niet wel te bepalen : waarschynlyk is het echter, dat dezelve zeer weinig verheven ', Drijfhout, op. cit. (27), 204.
48 The representation of motion by Drijfhout amounts to an attempt to equal the facilities of language within the pictorial medium. What is remarkable in Drijfhout's solution is that he integrates the temporal dimension into the picture by reproducing a continuous process, stage by stage. In contrast to painting, scientific illustration was able to liberate itself from the aesthetic conventions of the period. In the eighteenth-century ut pictura poesis debate it was mostly stressed that, whereas language was suitable for the expression of successive action, images were better suited to representing a single moment (in space), only. It is beyond the scope of this paper to discuss the position of scientific illustration in relation to eighteenth-century artistic conventions and the ut pictura poesis debate. For a general survey of the dispute see, Niklaus Rudolf Schweizer, The ut pictura poesis Controversy in Eighteenth-Century England and Germany, Berne, 1972. 49 ' Wat eene GOLVENDE BEWEGINGE zy, geloven wy … uit Fig IV aa zoo klaar te zyn, dat het onnodig is daar van eenige beschryvinge te doen ' ; Drijfhout, op. cit. (27), 200. Drijfhout's more didactic approach can also be explained by the fact that his text does not answer to the demands of science as strongly as Michell's did. Drijfhout, publishing his treatise in the Verhandelingen, was writing for a slightly different audience. The Dutch society was a meeting place for both scholars and ' amateurs ', see Robert J. Forbes, ' The Hollandsche Maatschappij der Wetenschappen (Dutch Society of Science) ', Journal of the Royal Society of Arts (1963), 3, 897-900. The distribution of the Dutch journal was much less far-reaching than that of the Royal Society's Philosophical Transactions. Moreover, from Drijfhout's references and remarks one can tell that he was not particularly widely read in the subject of seismology. Altogether, his article constitutes an imaginative and talented attempt at explanation, rather than the systematic development of a coherent and comprehensive earthquake theory.
Neutralizing fear by means of abstraction
In order to visualize the subterranean processes of an earthquake, Michell and Drijfhout needed to propose a constructed, and largely hypothetical model of subterranean structures that went further than what their few and solitary predecessors had achieved. A striking and innovative feature of both series of sections is that they do not (and cannot) comprise an identifiable viewpoint, which would explain from what position the draughtsmen looked at the motifs they depicted. In contrast to the conventions of traditional painting, there is no foreground that would allow the beholders an imaginary access to the picture, by putting themselves in the painter's, or draughtsman's, place and following his gaze.&! Instead, there is a chasm between the viewer and the given landscape, which greatly distances the location of the earthquake. In order to neutralize its immense natural force, the earthquake is moved away from the beholder who can, so to speak, observe the earthquake from a safe viewpoint, as though (physically) standing on the other side of the chasm. The diagrammatic section constitutes a conceptualization of the landscape : looking at the section, the beholder realizes that the physical location of the earthquake is transferred into his head, and onto the level of theoretical discourse, where it can become an object for investigation and conjecture. In this way, the physical threat implied by the phenomena can be intellectually determined and thus seemingly controlled. The image, in conjunction with the verbal explanations, makes a decisive contribution to the process of rationalizing the natural force and suggesting that it can be dominated, if not in reality then at least by the human mind.
Reception : changing priorities
Michell and Drijfhout, by translating their theoretical considerations into the abstraction of imagined geological sections, created a visual language that in our own time still constitutes an essential part of the didactic presentation of geological and seismological processes in scientific textbooks. It is noteworthy that evidence for the adoption of the style of these two diagrammatic illustrations cannot be found in the following decades. In spite of the fact that visual representations were increasingly employed in contemporary treatises on other natural phenomena -and this is often particularly noted by the critics -none of the reviews of Michell's article even mentioned his illustration.&" It is possible that the schematic diagram was, after all, not so easily ' readable ' for contemporaries, in spite of all the didactic aids. Michell's earthquake theory itself, however, soon ceased to attract much attention, although it had been praised initially. His treatise was referred to very rarely in the following decades, and chiefly with regard to his important observations 50 In landscape painting, the foreground was only beginning to be left out of the picture from 1800 on. See, for example, Matthias Eberle, Individuum und Landschaft. Zur Entstehung und Entwicklung der Landschaftsmalerei, Giessen, 1980, especially 226-53 ; Werner Busch, ' Die autonome O = lskizze in der Landschaftsmalerei. Der wahr-und fu$ r wahr genommene Ausschnitt aus Zeit und Raum ', Pantheon (1983), 41, 126-33, who discusses the problem of the foreground in oil sketches around 1800. 51 Reviews can be found, for example, in Monthly Review (1761), 25, 5-6 ; BibliotheZ que des Sciences (1761), 16, 105-9 ; and Journal encyclopeT dique (August 1761), part 2, 93-4.
on the stratigraphical structure of England.&# Drijfhout's treatise was scarcely, if at all, noticed by his contemporaries, and the Dutch scholar was completely forgotten.&$ One of the reasons for the waning interest accorded to these (and other) earthquake studies in the ensuing decades, may lie in the fact that the repeated emergence of new theories and speculations concerning the invisible causes of earthquakes was not seen to be very satisfactory. As in many other areas of natural history in the second half of the eighteenth century, increasing importance was attached to empirical investigations, even if they were merely descriptions of nature.&% For this tendency, one remarkable example can be found in the field of early seismology. Nearly three decades after the Lisbon earthquake, a publication appeared that employed the medium of visual representation as a tool for scientific earthquake investigation in equal measure with the papers discussed above, but in an entirely different manner. After the horrible earthquake that shook the south Italian province of Calabria in the spring of 1783, empirical observations were comprehensively recorded on the spot, in text and image, for the first time. In the following, I shall present a brief discussion of this work, which it seems to me should be taken as marking the beginning of modern earthquake research.
THE CALABRIAN EARTHQUAKE OF 1783
The earthquake in southern Italy, which killed approximately 35,000 people, consisted of a series of six violent shocks, occurring between 5 February and 28 March 1783, and many aftershocks, which continued until the end of 1786. The shocks not only almost completely destroyed the flourishing Sicilian town of Messina, but also left their marks on the landscape of Calabria in a horrible and conspicious way : landslides changed the course of rivers, streams of mud covered fields, fissures opened in the ground, springs ran dry or came up at completely different places.&& In contrast to the Lisbon earthquake, which has often been (and still is) treated as the single most important natural phenomenon of the eighteenth century, the earthquake in Calabria has received little attention from recent 52 John Whitehurst (1713-88) refers to Michell briefly in his Inquiry into the Original State and Formation of the Earth, London, 1778, but it then fell out of sight. In February 1818, Michell's paper was discussed very favourably in an article on William Smith's work on the geology of England (Edinburgh Review (1818), 29, 310-37, especially 318-19, the reviewer was William Henry Fitton (1780-1861)) ; and in the same year the entire paper was reprinted in the Philosophical Magazine and Journal (1818), 52, 186-95, 254-70, 323-41, with notes by John Farey (1766-1826). Farey gives his introduction to the reprint the title ' On the very correct notions concerning the structure of the earth, entertained by the Rev. John Michell, as early as the year 1760 ; and the great neglect which his publication of the same has received from later writers on geology ' (ibid., 183). Charles Lyell also highly commends Michell in his Principles of Geology, 3 vols., London, 1830-33, i, especially 50, 470-2.
53 In Monthly Review (1764), 31, 555-6, the Verhandelingen of the year 1763 are briefly reviewed, but nothing is said with regard to Drijfhout's article. The series is also reviewed in BibliotheZ que des Sciences (1764), 22, 116-34, and here, even the title of every contribution to vol. 7 of the Verhandelingen is listed. However, Drijfhout's paper is not among the three articles that are considered to deserve a more detailed discussion.
54 Deductive and speculative theories were maintained much longer in earthquake research than in other areas of investigation simply because the interior of the earth, where most natural philosophers assumed the causes of earthquakes to be found, was not physically accessible. See Taylor, op. cit. historians either in the humanities or in the now numerous interdisciplinary areas in eighteenth-century studies.&'
As in the months following 1 November 1755, many articles and treatises dealing with the natural disaster appeared in the year 1783. Foreigners who happened to be in Calabria at the time sent descriptions of the destruction back to their various native countries, while the affected communities reported on their losses and damage to the Neapolitan authorities and related in detail the misery caused to the people. The European newspapers and weeklies began to carry long accounts of the earthquake as soon as news started to spread from the disaster area.&( In north and central Europe, these reports were received with great interest and sympathy, because the university town and trading centre of Messina was well known, and, moreover, the landscapes of southern Italy and Sicily in particular had increasingly attracted public attention all over Europe ever since the middle of the eighteenth century.&)
One of the most famous reports of the disaster is given in a letter by the British envoy to Naples, William Hamilton (1730-1803). It was sent to the President of the Royal Society, Joseph Banks (1743-1820), as early as 23 May 1783, and was published in the Philosophical Transactions in the same year. A second publication, which was at least as important, and also very famous, is a treatise by the French geologist De! odat de Dolomieu (1750-1801).&* Both authors had travelled through the afflicted areas, had studied the effects of the shocks on the landscape, on the spot and with their own eyes, and then put their observations down in writing. However, Hamilton expresses his discontent with one specific shortcoming of his descriptions : he points out to Banks that ' without the help of plans and drawings you well know, Sir, the great difficulty there is in making one's self intelligible on such a subject '.'! And he assures him : ' had my time permitted, I would certainly have taken a draughtsman with me into Calabria '.'" Finally, Hamilton expressly refers his readers to the illustrated publication planned by the Academy of Naples, which was to appear in the year 1784.'#
The Istoria published by the Neapolitan Academy
The Neapolitan Royal Academy of Sciences and Letters had immediately sent a scientific expedition into the disaster area to investigate the signs of devastation that this earthquake had caused to the landscape.'$ A group of investigators travelled through the areas that had been hit by the tremors and meticulously took notes everywhere, while trained draughtsmen recorded the drastic topographical changes in numerous studies made on the spot. These drawings were engraved and published in a sumptuous folio publication under the title Istoria de' fenomeni del tremoto avvenuto nelle Calabrie (Account of the effects of the earthquake in Calabria). Sixty-eight large, full-page, and for the most part also fold-out plates, together with eight maps, give a detailed visual inventory of all places and areas that had been affected by the tremors. There are 352 text pages, divided into 1407 paragraphs, which explain picture after picture, and complement the visual part of the Istoria to form a comprehensive illustrated catalogue of the damage.'% In contrast to the intention of Michell or Drijfhout, the Istoria did not aim to put forward a new earthquake theory, as is repeatedly stated. Instead, natural philosophers and draughtsmen were determined merely to observe and portray the phenomena as neutrally as possible : ' we have taken great pains to present a straightforward and unadorned account of the mere phenomena of these dreadful physical changes, without taking the least liberty to search for … their cause '.'& By giving a precise verbal and visual account, it was their aim to put a reliable foundation of facts at the disposal of other researchers who were more interested in the causes of earthquakes : ' we have endeavoured only, as it were, to portray, and to provide as sincere and exact a copy as we could manage of the most frightening and awesome picture which the angry hand of Nature has accomplished and has displayed to man's uncomprehending view '.''
Co-operation of image and text
In accordance with this intention, every single place the academicians visited is treated in the visual and verbal descriptions in as matter-of-fact a manner as possible. In the publication, the text precedes the plates ; however, both parts are clearly of equal status, and they both give a chronological account of the itinerary. Moreover, the authors obviously had in mind a parallel reception of word and image (that is, of text and plates). Most of the copies of the Istoria known to me are bound in separate text and plate volumes especially for this purpose. Thus, the picture that belongs to a certain passage of text can always lie open and remain visible. Plate 33 of the Istoria shows the view of a completely devastated landscape at Terranova (see Figure 10) . Broken boards and planks are everywhere lying scattered on the ground, two men in the foreground are examining the widely dispersed rubble at close quarters ; and on the horizon, smoke is still rising from the debris. As for all the plates, this scene is described in great detail in the text. Since the authors are at pains to avoid neglecting any aspect that could possibly be of value to their learned contemporaries, they occasionally also provide additional information. One learns, for example, that in the valley shown in the foreground of the picture, a lake had formed during the earthquake, but had later disappeared again.'( In this way, the text supplements the illustration with an account of a temporal ' before ' that cannot be imparted by the visual medium itself. The plate, however, presents at a glance the arrangement of the various elements of the scene, and also communicates an impression of the overall scale and proportions. It enables the viewers to form an idea of the extraordinary transformations of the terrain, which were such as they could by no means match in their own experiences unless they had actually been on the spot themselves. Plate 5 of the Istoria shows a plain, with the damaged town of Monteleone as a backdrop (see Figure 11) . A deep chasm has opened in the earth, extending from the foreground back to the centre of the picture. At its nearer edge stand two men, apparently involved in an animated discussion ; a little to the right, a draughtsman sitting on a rock with his sketchbook is engaged in making a visual record of this natural phenomenon. Plate 20 of the Istoria presents a further appearance (see Figure 12 ). In the district of Ierocarne, deep, star-shaped fissures had been found on a field after the earthquake. Again, two members of the expedition are meticulously examining this curiosity of nature at close quarters.
In the majority of the views two (or more) staffage figures are inserted in the fore-or middleground, and function as a scale within the picture, as was customary in the tradition of landscape painting.') Here they are also representatives of the viewer and allow imaginative access to the depicted scene (in contrast to the diagrams discussed above). However, in these engravings, the figures have the further effect of emphasizing the authenticity of the depiction : they are employed to stress the fact that the participants in the expedition have really seen the scene in question with their own eyes and examined it on the spot, thus giving evidence of their personal zeal and thirst for knowledge. Even though the staffage appears rather small in the pictures, the human figures are fearlessly confronting the natural phenomena as self-confident subjects. They are always active, and their gestures leave no doubt that they are making a claim to the intellectual domination of nature : they are seen debating with each other, or investigating the phenomena with full concentration ; on some plates they are making drawings, collecting objects or carefully carrying out surveys.
The demand made in regard to the pictorial rendering of the phenomena the investigators encountered -a demand underlined by the disposition of the staffage -was that they naturalistically depict unadulterated facts and identifiable localities. Draughtsmen and natural philosophers had to co-operate closely when deciding on the subject of each picture, the exact angle of vision from which it was supposed to be recorded and its overall design. Eventually, the views were selected that seemed the most relevant for a learned readership, as well as for a wider audience generally interested in the fate of Calabria after the earthquake.
The academicians' intention of impressing their readership with the geographical and topographical accuracy of their representations met with a success. A German contemporary, Johann Heinrich Bartels (1761-1850), who travelled all over Calabria shortly after the catastrophe and published his Briefe uW ber Kalabrien und Sizilien (Letters on Calabria and Sicily) in 1787, remarked with regard to the Istoria, ' They [the engravings]
are often so precise that, to my great joy, I could find in them the exact spot on which I was standing.''* The engravings do not, however, completely conform with the demands of the empiricist natural philosophers to make the most ' sincere and exact copy '. In nearly every picture there is inserted a piece of foreground scenery that clearly does not represent documentation of the particular landscape that was encountered, but reflects the employment of interchangeable elements from a classical fund of repoussoirs.(! These may take the form of a lump of rock overgrown by vegetation, or of a decorative heap of rubble ; in most cases, however, a picturesque tree rises into the scene from one of the corners at the base of the picture (see Figures 10, 11 and 12) . The use of such foreground de! cor -as also the subdivision of the pictorial space into clearly distinguishable levels -pays tribute to an artistic tradition that had constituted the prevailing standard for landscape art since the seventeenth century. For example, the British advocate of the eighteenth century's aesthetic category of the ' picturesque ', William Gilpin (1724-1804), gave landscape painters the advice :
Nature is always great in design … But she is seldom so correct in composition, as to produce an harmonious whole. Either the foreground, or the background, is disproportioned … Hence therefore, the painter who adheres strictly to the composition of nature, will rarely make a good picture.(" An example of this generally accepted standard of the ' picturesque ' can be seen in the work of Claude-Joseph Vernet (1714-89), who was celebrated in his time for his landscapes and seascapes, which belong to the classical tradition of Claude Lorrain (see Figure 13 ). Vernet's painting The shepherdess in the Alps (1763) shows an idealized mountain landscape with two figures under a prominent tree in the foreground, a flock of sheep spreading out in a valley towards the middle distance and some mountains rounding off the composition in the far, bright background. The trees in the plates of the Istoria ( Figures  10-12 ) similarly function as a foreground in the pictorial composition, and help the beholder to gain imaginary access to the scene. The use of such artistic devices in these pictures -' marginally ', so to speak -is a concession to the prevailing visual conventions. The Neapolitan Academy, having been founded only a few years before the Calabrian disaster, was -despite its claim to present a collection of facts for scientific purposes -very concerned to distinguish itself in wider circles. In the preface to the Istoria, the academicians stress that they feel it their duty to ' supply unequivocal evidence of its [the Academy's] usefulness to the European public ', in the face of the great interest that was aroused by the earthquake.(# Such expensive enterprises as the expedition into the disaster area, and especially the very costly folio publication, offered an opportunity for creating a good image for the Academy. The layout of the work and its plates was therefore also aimed at an educated public that was increasingly interested in subjects of natural history as well as in the visual arts.
The pictures of the Istoria are thus remarkable in that they disclose the conflict that existed between modern natural history and traditional aesthetics. On the one hand, there were the up-to-date demands of an empirical natural philosophy that strove to set up a factual basis for theoretical considerations by means of the detailed gathering of facts ; on the other hand, there were the contemporary visual conventions as well as the traditional training of the draughtsmen, both shaped by the established ' picturesque ' conventions of landscape painting.
Reception of the illustrations : science and art
A glance at the reception of the Istoria reveals that the images were indeed regarded as vehicles for scientific information on the one hand, and as works of art on the other. Only a few copies of the original edition of the Istoria can now be traced ; and it is probable that such an expensive volume was not very widely distributed.($ However, one of the people who made extensive use of the work, nearly half a century later, was the British geologist Charles Lyell (1797-1875). A whole chapter of the first volume of his book The Principles of Geology, published in 1830-33, is devoted to the earthquake in Calabria. Lyell emphasized the great significance of the Neapolitan academicians' accumulation of data for the advance of earthquake research :
The importance of the earthquake in question arises from the circumstance, that Calabria is the only spot hitherto visited, both during and after the convulsions, by men possessing sufficient leisure, zeal, and scientific information, to enable them to collect and describe with accuracy the physical facts which throw light on geological questions.(% In fact, Lyell attributed such particular importance to the illustrations of the Istoria that he had eleven of the plates printed as woodcuts and inserted into the text of his book (which was otherwise only sparsely illustrated).(& By giving the illustrations such prominence in the Principles, Lyell directed the attention of the learned community to the Istoria, thereby giving it a scientific importance that it had not previously enjoyed. In fact, the reason why Lyell's own attention was directed to earthquakes was that, for him, they were to be recognized as one of the uniform causes that accounted for the history of the earth. Lyell changed the status of earthquakes from that of being one-off disasters, for example as in Lisbon or Calabria, to that of being natural causes in a uniformitarian geology.(' For Lyell, specific earthquakes were able to give evidence for geological phenomena of the past as well as the present. Thus, he wished to give his readers detailed descriptions of the various effects of the Calabrian earthquake of 1783. For Lyell, the Neapolitan academicians' Istoria was a prime source of information. Clearly, its value for him also lay in its visual representations.
In contrast to the attitude shown by Lyell, Johann Bartels (already mentioned as having travelled in Calabria), who was an art connoisseur and a typical eighteenth-century ' Grand Tourist ', judged the engravings as creations of landscape art. Applying the aesthetic standards of the time, he found them wanting in respect of their pictorial composition. Although he commends the plates for their adherence to truth, he none the less considers the engravings inadequate as works of art :
It [the Istoria] is very handsomely printed, and adorned with a good number of engravings, for the most part miserable ones in which the perspective view is a complete failure : however, it is much to their credit that they are distinguished by their truthful presentation of the things they show.(( CONCLUSION In this paper I have shown two very different approaches to the employment of the visual medium in eighteenth-century research into earthquakes. In the one example, schematic diagrams of the invisible processes of an earthquake were made by natural philosophers who strove to complement their written words with visual aids. They were convinced that their ideas about the propagation of earthquake shocks could not be properly conveyed without pictures. Building on the few examples of geological sections that were known in that time, these diagrams contributed to coining a visual language for the graphic presentation of geological and seismological processes. In the second example, pictures were employed to portray the specific topographical changes that the 1783 earthquake had left on the Calabrian landscape. Again, the visual medium is understood as an indispensable supplement to the text, which the natural philosophers feel as being insufficient for giving an adequate and comprehensive impression of the actual phenomena. In their intention naturalistically to depict the scenes of disaster, with the help of compositional, ' picturesque ' embellishments, these images reveal their close relation to contemporary traditions in art. On the other hand, they also show the increasing acceptance for the practice of extensive gathering of visual data. Thus, these pictures are documents for a conflict that existed between a scientific and an artistic form of representation.
